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ABSTRACT
Magnetic stellar activity of exoplanet hosts can lead to the production of large amounts
of high-energy emission, which irradiates extrasolar planets, located in the immediate
vicinity of such stars. This radiation is absorbed in the planets’ upper atmospheres,
which consequently heat up and evaporate, possibly leading to an irradiation-induced
mass-loss. We present a study of the high-energy emission in the four magnetically ac-
tive planet-bearing host stars Kepler-63, Kepler-210, WASP-19, and HAT-P-11, based
on new XMM-Newton observations. We find that the X-ray luminosities of these stars
are rather high with orders of magnitude above the level of the active Sun. The total
XUV irradiation of these planets is expected to be stronger than that of well stud-
ied hot Jupiters. Using the estimated XUV luminosities as the energy input to the
planetary atmospheres, we obtain upper limits for the total mass loss in these hot
Jupiters.
Key words: stars: activity – stars: coronae – stars: low-mass, late-type, planetary
systems – stars: individual: Kepler-63, Kepler-210, WASP-19, HAT-P-11
1 INTRODUCTION
The discovery of the first exoplanet 51 Peg b, orbiting
around a Sun-like star, by Mayor & Queloz (1995) has be-
come the starting point of a new research area in astro-
physics, i.e., exoplanetary science. Many more discoveries
quickly followed, and in 2002 the first detection of an at-
mosphere around an exoplanet (HD 209458 b) was ac-
complished (Charbonneau et al. 2002). Since then both the
methods of detecting exoplanets and the ability to charac-
terize their physical properties have made rapid progress.
The lower mass limit of detected exoplanets has constantly
decreased and the detection of low-mass planets, i.e., the
super-Earths with masses in the range of 1-10 Earth masses,
has now become possible. Naturally, the goal is to ultimately
detect an Earth-like planet within the stellar habitable zone,
i.e., that zone which allows the presence of liquid water on
the planet’s surface; that goal has been recently bolstered by
the discovery of seven Earth-like planets around Trappist-1,
three of which fall in the habitable zone (Gillon et al. 2017).
For the habitability of a planet, its ability to hold an
atmosphere of its own for a significantly long period of time
is of paramount importance. While it was originally thought
that atmospheric losses in exoplanets occur predominantly
⋆ E-mail: lalitha.sairam@iiap.res.in
through Jeans escape, the observations of atmospheric mass
loss in HD 209458 b (Vidal-Madjar et al. 2003) show that
this process can grossly underestimate the actual mass loss.
In a seminal paper, Lammer et al. (2003) hypothesize that
exoplanets may lose their atmospheres through a different
mechanism, which relies on a hydrodynamic mass loss model
originally proposed by Watson et al. (1981) and can give rise
to orders of magnitude larger mass loss rates. In this model
the high-energy radiation is absorbed in the upper layers
of the planetary atmosphere, which consequently heat up
to temperatures in excess of 10,000 K, leading to a hydro-
dynamic outflow similar to the classic Parker model of the
solar wind. The calculation of the atmospheric mass loss in
this model context thus requires an assessment of the ex-
oplanetary high-energy environment and in particular, the
amount of X-ray, FUV and UV radiation it receives from its
host star. Furthermore, several chemical processes like pho-
tochemical decomposition, charge exchange and sputtering
are induced, all of which can contribute to the mass loss.
Lammer et al. (2003) and Sanz-Forcada et al. (2010) show
that this mechanism can produce mass loss rates which are
corroborated by observations of actual exoplanetary mass
loss in hot Jupiters with large amounts of hydrogen and he-
lium in their atmospheres.
With the here presented study of hot-Jupiter hosts, we
provide a small sample of rather active stars, where the ef-
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fects of planetary evaporation are expected to be very large.
With our exploratory X-ray observations we obtain a bet-
ter insight into the hottest parts of the outer stellar atmo-
spheres of these planet hosts. Our analysis specifically allows
us to estimate the coronal temperature and the X-ray activ-
ity level of these stars, which in turn allow us to calculate
rough estimates of the mass loss of the orbiting exoplan-
ets. In §2 we describe our target stars, in §3 we describe
the XMM-Newton observation, our data analysis and our
results. A discussion and our conclusions are presented in
§4.
2 THE SAMPLE STARS
In this article, we present the results of new XMM-Newton
X-ray observations of four hot-Jupiter hosts, i.e., the stars
Kepler-63, Kepler-210, WASP-19, and HAT-P-11. All these
target stars are in the Kepler planetary candidate sample for
host stars with excess photometric modulation (∼ 1%), i.e.,
they are presumably very active with large amounts of high-
energy radiation produced; we list all the known properties
of the investigated host stars and their exoplanets in
Tab. 1. In the following, we provide a more detailed descrip-
tion of our sample stars.
2.1 Kepler-63
Kepler-63 is a young Sun-like star (∼0.21±0.04 Gyr,
Sanchis-Ojeda et al. 2013; Estrela & Valio 2016) at a dis-
tance of 200 ± 15 parsec with a mass of 0.98M⊙ , effec-
tive temperature of 5576 K (Sanchis-Ojeda et al. 2013) and
a rotation period of 5.4 days (Estrela & Valio 2016). The
data presented by Sanchis-Ojeda et al. (2013) suggest that
Kepler-63 has a rather high level of chromospheric activity
(measured in Ca II H&K) with log R′
HK
= −4.39; one also
observes quasi-periodic stellar flux variations on the order
of ∼ 4%, interpreted as rotational modulation by starspots.
Furthermore, based on spot modeling from the Kepler data,
Estrela & Valio (2016) argue for the existence of a magnetic
activity cycle of 1.27±0.16 years in Kepler-63.
Kepler-63 hosts a hot Jupiter with a radius of 6.1 ± 0.2
R⊕ in a polar orbit with a relatively short orbital pe-
riod of 9.434 days and a semi-major axis of 0.08 AU
(Sanchis-Ojeda et al. 2013). The mass of the planet is not
known very precisely because its radial velocity data are
contaminated by the high activity level of the host star.
However, the RV data suggest a semi-amplitude value of
approximately 15-20 m/s, which leads to an upper limit of
120 M⊕ for the mass of Kepler-63b. (Sanchis-Ojeda et al.
2013). Based on these values for mass and radius, the up-
per limit for the planet’s mean density is ρp < 3.0 g/cm
3
(Sanchis-Ojeda et al. 2013).
2.2 Kepler-210
Kepler-210 is a young active K-dwarf with a period of 12.33
days and an estimated age of 350±50 Myr (Ioannidis et al.
2014); the activity of Kepler-210 is shown by the large mod-
ulations in the observed Kepler light curve. Kepler-210 hosts
at least two Neptune-sized planets, Kepler-210b with a ra-
dius of 3.75±0.03 R⊕ and a period of 2.453 days, and Kepler-
210c with a radius of 4.78 ± 0.04 R⊕ and a period of 7.972
days (Ioannidis et al. 2014). According to Ioannidis et al.
(2014), these planets orbit at distances of 0.014 AU and
0.037 AU, respectively. No radial velocity data are available
for the system and hence the masses of the planets are not
known. However, using the simple mass-radius relationship
Mp =
(
Rp
R⊕
)2.06
M⊕ given by Lissauer et al. (2011), which
holds reasonably well for planets smaller than Saturn, we
may estimate the masses at least to within some factors
and hence can provide mass loss estimates correct to an or-
der of magnitude. Using this relation we find the masses of
Kepler-210b and Kepler-210c to be 15.92 M⊕ and 26.27 M⊕
respectively, leading to mean density values of 1.66 g/cm3
and 1.32 g/cm3 respectively. Ioannidis et al. (2014) also ar-
gue that the densities of these planets are below 5 g/cm3,
with both planets having a mass upper limit of 0.5 MJ.
2.3 WASP-19
WASP-19 is an active G8V type star (log R′
HK
= −4.66,
Knutson et al. 2010) with a mass of 0.96 M⊙ , a radius of
0.94 R⊙ and a surface gravity log g of 4.47±0.03 (Hebb et al.
2010). WASP-19 shows strong rotational modulation with a
period of 10.5 days and, according to the gyrochronology re-
lationship given by Barnes (2007), this short period indicates
that the system is relatively young (∼600 Myr old). On the
other hand, the estimated system age of 5.5+9.0
−4.5
Gyr derived
by Hebb et al. (2010) using isochrone fitting and adopting
a zero eccentricity value, is at least formally larger, yet the
errors of this estimate are huge.
The orbiting exoplanet around WASP-19 is the largest
objects in our sample with a radius of 15.21 R⊕ and a mass of
371 M⊕ , making it even larger than Jupiter. WASP-19b has
a short orbital period of only 0.7888 days, leading to a very
small distance between host star and planet of 0.0162 AU.
The mean density calculated from these mass and radius
values is 0.58 g/cm3 and the mean density estimated by
Hebb et al. (2010) is about 0.51±0.06 g/cm3. However, it
is interesting to note that the mean density of WASP-19b is
just half that of Jupiter, suggesting that the planet could be
slightly bloated for its mass. The enhanced radius of WASP-
19b could be interpreted as a result of the high-energy irra-
diation from the host star or of tidal energy dissipation.
2.4 HAT-P-11
HAT-P-11 is an active metal-rich K4 dwarf star
([Fe/H]=+0.31±0.05) located at a distance of 38 pc. Using
spectroscopic and photometric data, Bakos et al. (2010) es-
timated the mass, radius, temperature and age of HAT-P-11
to be 0.81 M⊙ , 0.75 R⊙ , 4780±50 K and 6.5
+5.9
−4.1
Gyr respec-
tively. Based on the Kepler photometric data, the stellar
activity for HAT-P-11 is indicated by spot induced modu-
lations (Sanchis-Ojeda & Winn 2011; Deming et al. 2011).
The star also shows strong chromospheric emission (mea-
sured in Ca II H&K) with an S-index of 0.61 and log
R′
HK
= −4.585 (Bakos et al. 2010), indicating again that the
star is active.
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Figure 1. Soft X-ray image of Kepler-63, Kepler-210, WASP-19 and HAT-P-11 from merged XMM-Newton MOS1, MOS2 and PN
camera in 0.2-2.0 keV energy band.
Table 1. Properties of star systems and the XMM-Newton Observations
Host stars Kepler-63 Kepler-210 WASP-19 HAT-P-11
Distance (pc) 200 ± 15 265 250 ± 80 38 ± 1.3
Spectral type G6 M0V/K G8V K4
Temperature 5576 ± 50 K 4559 ± 100 K 5500 ± 100 K 4780 ± 50 K
Age (Gyr) 0.21±0.04 0.35±0.05 0.6-5.5 6.55.9
4.1
Extrasolar Planets Kepler-63b Kepler-210c Kepler-210b WASP-19b HAT-P-11b
Mass (MJ) < 0.377 ∼0.05 ∼0.08 1.139±0.036 0.084±0.007
Radius (RJ) 0.540 ± 0.020 0.436 ± 0.004 0.342 ± 0.003 1.410±0.021 0.396±0.009
Orbital Period (days) 9.434±0.001 7.973±0.001 2.453±0.001 0.7888 4.887
Semi-major axis (AU) 0.080±0.002 0.0371±0.0010 0.0142±0.0002 0.0165 0.0530
Mean density (ρ in g cm−3) < 3.2 <0.81 <2.67 0.542±0.030 1.806±0.194
Observation log
Observation start 2014-09-28 11:35:03 2014-10-15 01:06:32 2014-07-10 12:39:10 2015-05-19 12:48:40
Observation end 2014-09-28 19:42:01 2014-10-15 07:06:54 2014-07-10 18:27:45 2015-05-19 21:15:35
Duration (ks) 28.67 19.73 20.45 27.00
Filter Thin Thin Thin Thin
ObsID 0743460301 0743460201 0743460501 0764100701
References: Stellar parameters for Kepler-63 (except spectral type) and its planetary companion parameters are taken from
Sanchis-Ojeda et al. (2013); the spectral type is obtained from exoplanetkyoto.org. Stellar parameters and planetary companion
parameters for Kepler-210 are taken from Ioannidis et al. (2014). The masses of Kepler-210 b and c are estimated using the mass-radius
relationship given by Lissauer et al. (2011). For WASP-19 and its planetary companion, all parameters are from Hebb et al. (2010). For
HAT-P-11 and its planetary companion, parameters are taken from Bakos et al. (2010). The mean planetary densities are used to infer
the composition and internal structure of orbiting exoplanets (Baraffe et al. 2008; Fortney & Nettelmann 2010; Swift et al. 2012;
Spiegel et al. 2014).
HAT-P-11 hosts a super-Neptune with a radius of
4.96 R⊕ , a mass of 25.74 M⊕ and a mean density of ∼ 1.33
g/cm3, orbiting at a distance of 0.053 AU with a period of
4.887 days (Bakos et al. 2010). When comparing to the mod-
els of Fortney et al. (2007), Bakos et al. (2010) note that,
first, the radius of HAT-P-11b appears to be much smaller
than that of a planet with similar mass and consisting of a
50% ice/rock core and a 50% H/He envelope; and that, sec-
ond, it is much larger than a planet with a pure ice/rock core
without any H/He gaseous envelope. Therefore Bakos et al.
(2010) argue on the basis of several parameters such as irra-
diation, distribution of heavy elements, age, etc., that HAT-
P-11b is more likely a super-Neptune planet with Z=0.9 and
10% H/He envelope.
3 DATA ANALYSIS AND RESULTS
The data presented in this paper have been obtained with
the XMM-Newton satellite, an observation log of our obser-
vation is contained in Tab. 1. All X-ray data were reduced
with the XMM-Newton Science Analysis System (SAS) soft-
ware, version 15.0.0; EPIC light curves and spectra were ob-
tained using standard filtering criteria and spectral analysis
was carried out with XSPEC version 12.9.0 (Arnaud 1996).
To provide an impression of the data and their quality
we show the soft X-ray images from the merged EPIC data
and the extraction circles used for source and background
counts (cf., Fig. 1). Clearly, X-ray emission from all sample
stars is detected, but with different strengths. The source
signals in case of Kepler-63 and HAT-P-11 were taken from
a circular region with 12.5′′ radius with the co-ordinate po-
sition of the stars as the center. We measure the background
signals from a circular region of 50′′ radius in a source-free
region close to our targets. For Kepler-210, the revised coor-
MNRAS 000, 1–?? (2017)
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Figure 2. Light curves of Kepler-63, Kepler-210, WASP-19 and HAT-P-11 observed by EPIC detectors. The hardness ratio is plotted
in lower panel.
dinates are used as the center of a circular source extraction
region with a radius of 12.5′′ and the background is taken
from a circle with a radius of 40′′ far away from the source.
ForWASP-19, the source signal is from a circular region with
a radius of 12.5′′ region with the coordinates of the candi-
date used as the center and the background is estimated
again from a circular region with a radius of 40′′.
3.1 Temporal analysis
As can be clearly seen in Fig. 1, the XMM-Newton obser-
vations indicate obvious X-ray detections of all four host
stars. Consequently, we carry out a more detailed temporal
study of each of our targets and produce the X-ray light
curves shown in Fig. 2. The reduced PN data of Kepler-63
and HAT-P-11 in the 0.2-2.0 keV energy band are binned
at 800 s. However, to enhance the signal we combine (in
the cases of Kepler-210 and WASP-19) all the EPIC data
and bin at 1500 s in the energy range of 0.2-2.0 keV. In
the top panel of Fig. 2, we show the source light curves,
and in the bottom panel the measured hardness ratio (HR)
values vs. time; HR is defined as the fractional difference be-
tween hard energy band and soft energy band photon counts
through the expression HR =
H − S
H + S
, where H is the number
of counts between 0.7 and 2.0 keV (hard band) and S the
number of counts between 0.2 and 0.7 keV (soft band). The
mean HR-values determined from the PN data for Kepler-63
and HAT-P-11 are 0.37 ± 0.11 and 0.34 ± 0.30 respectively,
while those derived for Kepler-210 and WASP-19 from the
EPIC data are 0.22 ± 0.27 and 0.12 ± 0.16, respectively. The
derived HR-values are consistent with each other to within
the errors and we observe no significant changes in count
rate nor in HR, suggesting that the targets were observed in
a state of quiescence.
3.2 X-Ray luminosities of exoplanet hosts
For Kepler-63 and HAT-P-11, the number of counts mea-
sured in the MOS and pn cameras is sufficient for a more de-
tailed spectral analysis. In Fig. 3 we show the PN spectra for
Kepler-63 and HAT-P-11 with their respective best-fit mod-
els; the HAT-P-11 spectrum in Fig. 3 is shifted upwards by
an order of magnitude for better visibility. A two-component
APEC with solar abundance (Grevesse & Sauval 1998) pro-
vides a robust fit, the results of which are listed in Tab. 2,
which also gives the resulting X-ray fluxes and luminosities
in the 0.2-2.0 keV band. We also experimented with treat-
ing the coronal abundances as a free parameter, but this did
not significantly improve the fit and we conclude that the
metallicity can be only poorly constrained with the avail-
MNRAS 000, 1–?? (2017)
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Figure 3. EPIC-PN spectra of Kepler-63 (red) and HAT-P-11
(blue) applied spectral models. HAT-P-11 spectra and the model
are shifted by an order of magnitude for comparison.
able data. Furthermore, since Kepler-63 is at a distance of
200 pc, we also allow the absorption to vary freely and ob-
tain an equivalent hydrogen column of 9.4+5.6
−6.2
× 1020 cm−2;
obviously the data quality is not sufficient to constrain the
amount of interstellar absorption along the line of sight to-
wards Kepler-63 very well. Inspection of Tab. 2 shows that
Kepler-63 is hotter and more X-ray luminous (2× 1029 erg/s
) than HAT-P-11 and in particular the Sun, indicating that
Kepler-63 is indeed very active.
For Kepler-210 and WASP-19 we do not have suffi-
cient counts for a meaningful spectral analysis, rather we
use the HR-values to determine the coronal temperatures
of the stars. Using a two-component APEC (Astrophysical
Plasma Emission Code) coronal plasma model for a colli-
sionally ionised optically-thin thermal plasma (Smith et al.
2001) with solar abundances, we calculate the theoretical HR
values as a function of temperature. We performed the spec-
tral analysis using XSPEC version 12.9.0 (Arnaud 1996).
We estimate the coronal temperature of Kepler-210 to lie
between 2.5 and 4.1 MK and that of WASP-19 between 3.3
and 5.3 MK. Using the estimated coronal temperatures in
WebPIMMS, we convert the mean count rate measured with
the XMM-Newton PN detector into an X-ray flux in the 0.2-
2.0 keV energy band. Both Kepler-210 and WASP-19 are at
distances > 200pc, where the interstellar hydrogen might
produce a significant absorption of the X-ray flux. We as-
sume a hydrogen column depth of N(H1 + H2)∼10
21cm−2
with a canonical density of 1 particle per cm3 (Ferlet et al.
1985; Cox 2005; Welsh et al. 2010). We are aware that the
hydrogen column density is not homogenous along all direc-
tions. Using a distance of 250 pc and 265 pc for WASP-19
and Kepler-210, respectively, the unabsorbed fluxes obtained
using WebPimms are converted into the X-ray luminosities
(see Tab. 3).
The bolometric luminosity of our candi-
dates can be calculated through the relation
Lbol = 10
0.4(4.74−mv−BC+5 log(d)−5)L⊙, where mv denotes
the apparent visual magnitude of the star, BC the bolo-
metric correction, d the distance (in pc) and L⊙ the solar
bolometric luminosity. For Kepler-63, WASP-19 and HAT-
P-11 the values for the V and K magnitudes are obtained
Table 2. Spectral modeling results for Kepler 63 and HAT-P-11
from the PN data.
Parameters Kepler-63 HAT-P-11 Unit
T1 0.43
+0.04
−0.08
0.14+0.08
−0.10
keV
EM1 44.61
+22.28
−13.83
1.45+0.21
−0.28
1050cm−3
T2 1.08
+0.27
−0.22
0.64+0.23
−0.33
keV
EM2 14.09
+4.80
−6.71
0.35+0.10
−0.09
1050cm−3
NH 9.4
+5.6
−6.2
– 1020 cm−2
χ2
red
(d.o.f) 0.92 (25) 0.87 (12)
FX (0.2-2.0 keV) 2.35
+0.67
−1.19
2.77+0.15
−0.12
10−14 erg/s/cm−2
LX (0.2-2.0 keV) 10.06
+5.05
−2.67
0.47+0.20
−0.11
1028erg/s
from the SIMBAD database. For Kepler-210, we use the
B-V color from Ioannidis et al. (2014) and convert it into
a V-K color using the data provided in Worthey & Lee
(2011); the bolometric corrections are determined using the
relationship given by Worthey & Lee (2011). The results
of our analysis for all the targets are listed in Tab. 3. The
computed log LXLbol -ratios indicate again stars of moderate
activity with the exception of Kepler-63.
3.3 Stellar radiation at the planetary positions
As indicated at the end of the previous subsection, the
log
LX
Lbol
values for our sample stars lie between -4.36 and
-5.57. Given these activity levels and the fact that the
planets are close to their host stars, makes all of them
likely to undergo atmospheric loss through hydrodynamic
escape. As shown by Lammer et al. (2003), such mass loss
occurs predominantly due to radiation in the EUV and X-
ray range. From our XMM-Newton observations only X-ray
wavelengths are accessible, hence we need to apply an indi-
rect method to obtain the total high-energy radiation in the
X-ray and UV-bands. Sanz-Forcada et al. (2011) compute
the EUV spectra for a number of stars using the emission
measure distribution derived from X-ray spectra. This ap-
proach has been shown to be quite accurate by further stud-
ies by Claire et al. (2012) and Linsky et al. (2013). However,
we do point out in this context that France et al. (2016)
argue that FUV flux estimates based on soft X-ray emis-
sion alone can substantially underestimate the irradiation
received by extrasolar planets in individual cases; since no
detailed FUX/XUV studies are available for our target stars,
there is nothing we can do about this at the moment. Us-
ing the scaling relations given by Sanz-Forcada et al. (2011)
we extrapolate the measured X-ray luminosity to the total
high-energy radiation viz.
log LEUV = (0.860 ± 0.073) log LX + (4.80 ± 1.99) (1)
and
log LXUV = log(LX + LEUV). (2)
3.4 Estimated atmospheric mass loss of planetary
candidates
According to the hydrodynamic mass loss model as de-
veloped by Watson et al. (1981), Lammer et al. (2003),
MNRAS 000, 1–?? (2017)
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Table 3. Observed properties of the star candidates
Kepler-63 Kepler-210 WASP-19 HAT-P-11
Mean count rate [cts/ks] 14.47±0.98 3.14±0.76 3.02±0.59 12.08±2.98
Average Coronal Temperature (MK) 8.0 3.3 4.3 6.0
Flux [ 10−14 erg s−1 cm−2 in 0.2-2.0 keV] 2.35+0.67
−1.19
0.15± 0.01 0.42±0.02 2.77+0.15
−0.12
log LX in erg s
−1 29.00+0.21
−0.11
28.10±0.03 28.49±0.27 27.68+0.03
−0.02
log Lbol in erg s
−1 33.41 33.14 33.42 33.25
log (
LX
Lbol
) -4.36 -5.03 -4.93 -5.57
log LEUV in erg s
−1 29.74 28.98 29.31 28.60
log LXUV in erg s
−1 30.19 29.03 29.37 28.65
log FX at planet in erg s
−1cm−2 3.74 4.36 (for b) and 3.53 (for c) 4.61 2.78
log FXUV at planet in erg s
−1cm−2 4.56 5.28 (for b) and 4.44 (for c) 5.48 3.75
Upper-limit mass loss rates ÛM in 1011 g s−1 7.41 23.18 (for b) and 4.27 (for c) 63.17 0.65
Sanz-Forcada et al. (2010) and Erkaev et al. (2007), the
planetary mass loss rate ÛM is given by
ÛM =
3πβ2ǫFXUV
4GKρp
, (3)
where ρp is the mean planetary density, FXUV the incident
X-ray+EUV flux, and G the gravitational constant. The
term β = RXUV /Rp is a correction factor for the size of
the planetary disk absorbing the XUV radiation. Salz et al.
(2016a) provide an estimate for β through
log β = max(0.0,−0.185 log(−φG) + 0.021 log(FXUV ) + 2.42),
(4)
where φG = −GMp/Rp is the gravitational potential at
the surface of the planet. We assume an heating efficiency
ǫ = 0.4 (in Eqn. 3) as suggested by Valencia et al. (2010) for
hot Jupiters and strongly irradiated rocky planets. Several
authors choose values of ǫ < 0.4 (Owen & Jackson 2012;
Shematovich et al. 2014), based on observations of evap-
orating hot Jupiter HD 209458b. Furthermore, Salz et al.
(2016a) show that small planets like HAT-P-11 do not show
trend in the heating/evaporating efficiency and hence using
a constant value of ǫ is a reasonable approximation. Note
that the value of ǫ is only a rough estimate, however, in
reality, the heating efficiency can be determined more pre-
cisely only after modeling the atmosphere of exoplanets in
detail.
The parameter K in Eqn. 3 is a factor which takes into
account the effects of mass loss through Roche lobe overflow.
According to Erkaev et al. (2007), K is given by
K(η) = 1 −
3
2η
+
1
2η3
, (5)
where the parameter η is given by
η =
(
Mp
3Ms
)1/3
a
Rp
. (6)
Here Mp and Ms denote planetary and stellar masses re-
spectively, a is the semi-major axis and Rp the planetary
radius. This expression is approximate and valid only if
a >> RRl > Rp (where RRl is the Roche lobe radius of the
planet) and Ms > Mp hold. Following Erkaev et al. (2007)
and taking RRl as
RRl = a
(
Mp
3Ms
)1/3
, (7)
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Figure 4. Evolution of the total planetary mass loss of WASP-19
for the current X-ray luminosity. The current ages are indicated
as filled circles.
we find η = RRl/RP. Since RRl is usually much larger than
the radius Rp, K(η) approaches unity.
With the above equations, the planetary parameters
listed in Tab. 1 and the observed X-ray luminosity of the
planet host stars, the upper-limit mass loss rates can be
estimated. We note that the mass-loss rates are derived as-
suming a constant density. The mass loss induced by the
incident high-energy radiation will in general also change
the radius of the planet, since mass and radius are coupled,
once the composition and equation of state for the interior
are known. Lopez & Fortney (2014) studied in detail the
change in the radius of the planet as a function of its mass
for different planetary compositions and in particular for
different contributions of a H/He envelope. Since the com-
positions of the planets studied in this paper are not known,
we assume the simplest model of a constant mean density
of the planet to estimate the mass-loss history. We also note
that the changing incident XUV flux provides the by far
dominant component for driving the mass loss.
Stellar activity, especially for young stars is not con-
stant over the lifetimes of the stars. In fact, according
to Ribas et al. (2005) the X-ray luminosity varies approxi-
mately by a factor of
(
τ
τ⋆
)−1.23
, where τ is the current stellar
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Figure 5. log ÛM vs. Mass for solar system gaseous giant plan-
ets (filled squares) and our sample exoplanets (filled circle with
downward arrow). The three well-studied hot-Jupiter systems HD
189733, HD 209458 and CoRoT-2 are additionally shown as filled
stars. All values of log ÛM are upper limit estimates using ǫ = 0.4
and assuming K = 1 without any magnetosphere. Using the mass-
radius relationship given by Lissauer et al. 2011, we estimate the
masses of Kepler-210 b and c.
age and τ⋆ is the stellar age, at which stellar activity remains
at a constant level (at about 0.1 Gyr), which is also taken
as the start time for the integration of the mass loss. For
single stars, the coronal activity is highest when the star
has – more or less – finished its contraction, but has not
yet spun down, so that the large stellar rotation yields very
high levels of activity (Sanz-Forcada et al. 2014); hence we
choose as starting time an age of 0.1 Gyr. Inserting this time
variable flux into the hydrodynamic mass loss equation and
integrating it over time, provides a coarse estimate of the
mass loss history of these planets. The results are listed in
Table 3.
According to our estimates, both Kepler-210 b and
c have suffered very little mass loss below 0.1MJ . How-
ever, Kepler-63 b has suffered an mass loss of pos-
sibly up to 0.5 MJ . The age-activity relationship for
stars older than 1 Gyr are steeper and are given
by the relation log LX
(R⋆/R⊙)2
= 54.65 ± 6.98 − (2.80 ± 0.72) log t
(Booth et al. 2017). We calculate the maximal mass loss for
HAT-P-11 b to lie in the range between 0.15-0.25MJ , using
both the age-activity relations given by Ribas et al. (2005)
and Booth et al. (2017). Furthermore, the large uncertainity
on the age of HAT-P-11 which can contribute significantly
to estimated mass-loss of the orbiting planet.
Similar to HAT-P-11, there are huge uncertainties in
the proposed ages of WASP-19 which ranges from under
1 Gyr to more than 5 Gyr. In Figure 4, we plot the total
mass lost integrating over stellar ages between 0.6-5.5 Gyr,
where each curve represents a different age of the WASP-
19 systems. Considering the large uncertainty in the age of
WASP-19, we estimate a total mass loss of 0.1-3 MJ . How-
ever, assuming an age of WASP-19 of ∼2.2 Gyr (Brown et al.
2011) by comparing the X-ray luminosity of WASP-19 with
the age-X-ray luminosity relation, we estimate the maximal
mass lost by the planet to be between ∼0.9-1.0 MJ .
4 DISCUSSION AND CONCLUSIONS
Here we report the results of exploratory X-ray studies of the
four transiting active exoplanet hosts Kepler-63, Kepler-210,
WASP-19 and HAT-P-11 in the soft X-ray energy band 0.2 -
2.0 keV, which yield detection with logarithmic X-ray lumi-
nosities in the range from 27.68-29.05 erg s−1. The XMM-
Newton pointing were rather short and allow only a rather
coarse characterization of the X-ray properties of the host
stars. All the target stars show an X-ray activity indicator
log
LX
Lbol
in the range between -4.36 to -5.57, which combined
with coronal temperatures in the range 3.0 and 8.0 MK,
points to moderately active to active stars. Our analysis sug-
gests that the X-ray properties of Kepler-63 are compatible
with the presence of strong Ca II H&K emission cores and
spot modulation. Using the measured X-ray luminosities, we
infer the irradiation fluxes at far UV wavelengths allowing
us to estimate the XUV flux at the planetary position and
the corresponding mass-loss rate.
To provide a comparison of how strongly the hot-Jupiter
planets lose mass by stellar irradiation we also calculate mass
loss estimates for solar system planets making the same as-
sumptions as for the extrasolar planets; this implies in par-
ticular that they have a hypothetical atmosphere of gases
with mainly H/He (which is clearly not the case for the in-
ner solar system planets). In Fig. 5 we plot the thus derived
maximal mass loss rates for our sample stars and those de-
rived for the solar system gas giants. Fig. 5 indicates all our
exoplanetary candidates have maximal mass-loss rates some
orders of magnitude larger than the mass-loss rates of solar
system gas giants; this is due to the fact that these planets
are, first, orbiting much closer to their host stars, and sec-
ond, that the intrinsic X-ray luminosity of the hosts is much
larger than that of the present-day Sun.
Furthermore, we compare our four targets with
two other well studied hot Jupiters HD 209458 b
(Charbonneau et al. 1999) and HD 189733 b (Bouchy et al.
2005). HD 209458 b is an exoplanet with a mass of 0.69 MJ
and a radius of 1.38 RJ orbiting a G0V star (46 pc away from
the Sun) at a distance of 0.047 AU with a period of 3.52 days.
The X-ray luminosity of HD 209458 has recently been mea-
sured by Chandra HRC as log LX ∼ 27.20 erg/s (Czesla et al.
2017), yielding an XUV luminosity of log LXUV ∼28.23 erg/s;
it also shows ongoing mass loss through hydrodynamic es-
cape (Sanz-Forcada et al. 2010). HD 189733 b has a mass of
1.142 MJ and radius 1.138 RJ orbiting around a K1/K2 star
HD 189733 (19 pc away from the Sun) orbiting at a distance
of 0.03 AU with a period of about 2.22 days. The X-ray and
XUV of luminosities of HD 189733 are log LX ∼ 28.18 and log
LX ∼ 28.85 erg/s, respectively (Poppenhaeger et al. 2013).
All our targets are as bright as HD 209458 and
HD 189733 in the X-ray and XUV ranges, making the plan-
ets extremely susceptible to atmospheric mass loss. Using
these XUV luminosities, the mass loss rate of HD 209458 b
is calculated to be 9.3 × 1010 gs−1, consistent with the lower
limit mass loss rate of 7.6×1010 gs−1 derived by Linsky et al.
(2010). For HD 189733 b, the mass loss rate was estimated
to be about 2.3 × 1011 gs−1 by Poppenhaeger et al. (2013),
it is thus comparable to within an order of magnitude of
the value obtained for Kepler-210c and Kepler-63b. In ad-
dition, we note that the mass loss rate of HD209458 b is
comparable to the upper-limit mass loss rate of HAT-P-11b,
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although the latter orbits further away from its host star.
Also, the upper-limit mass loss rates of WASP-19 b and
Kepler-210 b are at least an order of magnitude higher than
those in the prototypical targets HD 209458 and HD 189733.
Rather, the mass loss rate of these planets are compara-
ble to CoRoT-2b, which orbits around the extremely active
planet host star with an X-ray luminosity of 2 × 1029 erg/s
(Schro¨ter et al. 2011). The X-ray flux received by CoRoT-2
b is ∼ 9 × 104erg cm−2 s−1, which corresponds to a formal
mass loss rate of 4.5×1012 g s−1. However, Salz et al. (2016b)
show that CoRoT-2 is one of the most compact planets with
very efficient radiative cooling, thus preventing the develop-
ment of a strong wind. With the observations present here
we have laid the groundwork for further detailed studies of
these exoplanet hosts.
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